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@ Electrically-operated power steering apparatus. 

@ An electrically-operated power steering ap- 
paratus comprising a steering shaft, a rack shaft 
(7) capable of linear movement for turning a 
steering running wheel, rack-pinion gear for 
coupling the steering shaft with the rack shaft 
(7), a ball screw mechanism including a screw 
groove (7b) formed on the rack shaft (7), a 
rotary ball screw nut (44) fitted thereon and 
plural balls (47) positioned in a rolling path. The 
plural balls (47) are comprised of those of a 
standard diameter and those of a smaller 
diameter, which are alternately arranged and 
the smaller diameter is within a defined range. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an electrically- 
operated power steering apparatus. 

Related Background Art 

In the field of electrically-operated power steer- 
ing apparatus for vehicles, there is already known, as 
disclosed for example in U.S.R No. 4,577,715, a type 
in which the rotary power of an electric motor is con- 
verted by a ball screw mechanism into a linear move- 
ment for directly driving a rack shaft. The bail screw 
mechanism employed in such conventional electrical- 
ly-operated power steering apparatus is comprised of 
a ball screw shaft connected to the rack shaft, mov- 
able only in the axial direction and provided with an 
external screw groove on the external periphery 
thereof, a nut member connected to the electric mo- 
tor, provided rotatabiy about said rack shaft and pro- 
vided with an internal screw groove on the internal 
periphery thereof, and plural balls capable of rolling 
between said external and internal screw grooves. 

When the rotary power from the electric motor ro- 
tates the nut member, the unrotatably supported ball 
screw shaft axially moves relative to the nut member, 
in proportion to the pitch of the screw groove. The plu- 
ral balls are provided in succession, with a predeter- 
mined interval, in said screw grooves and serve to re- 
duce the friction al force generated between the nut 
member and the ball screw shaft at the rotation of said 
nut member 

In such ball screw mechanism, when a large force 
is transmitted between the nut member and the ball 
screw shaft (a high load state), the balls are pressed 
with a relatively strong force by the both screw 
grooves and a relatively strong f rictional force for roll- 
ing the balls is generated between the balls and the 
screw grooves. On the other hand, when the balls roll- 
ing in one direction come into mutual contact, there is 
generated a frictional force to mutually suppress the 
rotation between said balls, but in the above- 
mentioned state, the power transmission can be ach- 
ieved without difficulty because such frictional force 
between the balls is weaker than that between the 
balls and the grooves. 

However, in a low load state in which a small force 
is transmitted between the nut member and the bail 
screw shaft, the groove-ball frictional force may be- 
come lower and comparable to the frictional force be- 
tween the balls. In such case, there may result a phe- 
nomenon of instantaneous transition from a state in 
which the balls rotate in one direction to a state in 
which the balls are stopped and merely slide to both 
screw grooves. When such phenomenon occurs, the 
power transmission cannot be conducted smoothly 



between the nut member and the ball screw shaft, 
and the operator of the steering wheel receives an un- 
pleasant feeling as if the steering wheel "sticks". 
In order to prevent such sticking phenomenon, 

5 there is already proposed a mechanism of floating 
support for the bail screw nut However, for such float- 
ing support of the bail screw nut, there is required, in 
addition to a bearing for supporting the ball screw nut 
relative to a housing, a supporting mechanism for 

10 floating support of the bearing relative to the housing 
or of the ball screw nut relative to the bearing, so that 
there will be required an additional cost as well as a 
mounting space for such supporting mechanism. 

15 SUMMARY OF THE INVENTION 

The present invention intends to provide an elec- 
trically-operated power steering apparatus capable of 
preventing the sticking phenomenon of the steering 

20 wheel, with a compact configuration as in the conven- 
tional apparatus. 

The above-mentioned object can be attained, by 
an electrically-operated power steering apparatus 
comprising a steering shaft connected directly to and 

25 rotating integrally with a steering wheel, a rack shaft 
capable of a linear motion for causing a deflecting mo- 
tion of steerable vehicle wheels; 

rack-pinion gear means consisting of a pinion 
gear drivably linked with said steering shaft and said 

30 rack shaft and rotating with the rotation of said steer- 
ing shaft, and a rack gear provided on said rack shaft 
and meshing with said pinion gear, ball screw means 
consisting of screw means provided on said rack 
means, rotary nut means surrounding at least a part 

35 of said screw means, and plural balls provided in suc- 
cession in a rolling path formed between said rotary 
nut means and said screw means for effecting power 
transmission between said rotary nut means and said 
screw means, and an electric motor unit connected to 

40 said rotary nut means; 

Wherein said plural balls are comprised of stan- 
dard-diameter balls of a standard diameter and small- 
diameter balls periodically positioned among said 
standard-diameter balls and having a diameter small- 

45 er than said standard diameter, said standard diame- 
ter Da and said smaller diameter Db being defined by: 
DbsiDa - Da/1000. 
As the small-diameter balls are regularity provid- 
ed among the standard-diameter balls, the gap of the 

so grooves defined by said standard-diameter balls is 
somewhat too large for the small-diameter balls. Con- 
sequently the groove-ball frictional force which the 
small-diameter balls receive from the screw grooves 
becomes smaller than that the standard-diameter ball 

55 receive from the screw grooves, so that the both balls 
receive different rolling force in one direction. Conse- 
quently, when a standard-diameter ball and a small- 
diameter ball are in mutual contact, the small- 
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diameter ball continues the sliding or rolling motion 
while the standard-diameter ball continues the rolling 
motion, so. that the sticking phenomenon can be 
avoided. On the other hand, if the diameter of the 
small-diameter balls is considerably smaller than that s 
of the standard-diameter balls, the force between the 
both screw grooves is entirely received by the stan- 
dard-diameter balls, so that the transmission capaci- 
ty is lowered. For this reason there is defined a range 
for the appropriate diameter of the small-diameter 10 
balls. 

By the way, in the ball screw mechanism, in order 
to achieve transmission of driving force with smooth 
change of moving direction between the ball screw 
shaft and the ball nut, it is particularly necessary to 15 
precisely control the gap between the ball and the ball 
screw shaft at a small value, and for achieving such 
control, it is generally conducted to apply a pressure 
between the ball screw shaft and the ball nut or to im- 
prove the precision of formation of the screw groove 20 
on the ball screw shaft. 

However, in case of pressure application or 
groove formation for attaining a small gap, over the 
entire operating range of the ball screw shaft (entire 
axial length of movement of the ball nut), a certain 25 
fluctuation is unavoidable in the average groove di- 
ameter along the axial direction of the ball screw 
shaft. As a result, there may result a defective conver- 
sion of movement or a fluctuation of the driving torque 
transmitted from the electric motor to the power 30 
transmission member, in a part of the ball screw shaft, 
and there is felt, by the driver, an undesirable feeling 
of steering, through the steering wheel. For avoiding 
such phenomenon there is required further improve- 
ment in the precision of formation of the ball screw 35 
groove on the ball screw shaft, leading to an in- 
creased cost. 

Accordingly, the present invention also intends, 
in the electrically-operated power steering apparatus 
including the ball screw means in which the standard- 40 
diameter balls and the small-diameter balls, to realize 
the ball screw means which can convert the drive 
force stably with low cost. 

The above-mentioned object can be attained by 
an electrically-operated power steering apparatus is 45 
featured by that the diameter of pitch circle of the ball 
screw groove of said ball screw shaft is made larger 
than a standard size in a central region corresponding 
to the neutral position of the steering wheel and is pro- 
gressively decreased to the standard size as the dis- 50 
tance increases in both axial directions from said cen- 
tral region. 

When the ball nut is rotated by the rotary driving 
force transmitted thereto from the electric motor 
through a clutch, the ball screw shaft constituting the 55 
power transmission member moves in the axial direc- 
tion. In such state, when the ball nut rotates in the cen- 
tral region of the ball screw shaft corresponding to the 



neutral position of the steering wheel, there will not 
result a play because of the gap between the balls 
and the ball screw grooves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of an embodiment 
(electrically-operated power steering apparatus) 
of the present invention; 

Fig. 2 is a magnified cross-sectional view of a 
main body 3 of the steering apparatus shown in 
Fig. 1; 

Fig. 3 is a schematic view of an embodiment of 
the present invention; 

Fig. 4 is comprised of Figs. 4Aand 4B showing an 
enlarged cross section of Fig. 3, wherein Fig. 4A 
is a magnified cross-sectional view of the left- 
hand portion of principal parts and Fig. 4B is a 
magnified cross-sectional view of the right-hand 
portion of principal parts; and 
Figs. 5 and 6 are views showing the details of a 
screw groove of the ball screw shaft shown in Fig. 
4A 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now an embodiment of the present invention will 
be explained in detail with reference to the attached 
drawings. 

Referring to Fig. 1, a steering wheel 1 is integrally 
mounted at the upper end of a steering shaft 2 and is 
rotatably supported by an unrepresented body of a 
vehicle. The steering shaft 2 is linked, by a universal 
joint 6, to a pinion shaft 5. Said pinion shaft 5 is pro- 
vided, at the front end thereof, with a pinion gear 
which meshes with a rack formed on a laterally mov- 
able rack shaft 7 in a main body 3, to be explained lat- 
er, of the steering apparatus, whereby the rotation of 
the pinion shaft 5 causes, in the already known man- 
ner, a movement of the rack shaft 7 in the lateral di- 
rection in the drawing. 

The pinion shaft 5, for transmitting the rotary 
force from the steering wheel 1, is provided, on the 
periphery, with torque detecting means 4, employing 
a torsion bar which undergoes a torsion in proportion 
to the received torque. The amount of torque received 
by the pinion shaft 5 is measured by converting said 
torsion into an amount in the axial direction and meas- 
uring said amount with a potentio-meter, and is trans- 
mitted to a control circuit 11 . Said detection means it- 
self is already known, for example as disclosed in the 
Japanese Utility Model Application Laid-open No. 60- 
179944, and the detailed structure of such detection 
means will not, therefore, be explained further. 

The main body 3 of the steering apparatus, sup- 
ported by brackets 14, 15 in the behicle body (not 
shown), constitutes a movement converting unit for 
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converting the steering rotary input force into a linear 
movement for deflecting the steering running wheels 
(not shown) of the vehicle, and is provided with a mo- 
tor unit 8 for power supplement. The motor unit 8 and 
a clutch unit 9 are electrically connected to the control 
circuit 11. Under the control by said control circuit 11, 
the rotary output power of the motor unit 8 is trans- 
mitted by the dutch unit 9, and is converted into a lin- 
ear movement by the main body 3 of the steering ap- 
paratus, for driving the rack shaft 7. The output trans- 
mission system from the motor unit 8 to the rack shaft 
7 will be explained detailedly in the following, with ref- 
erence to Fig. 2 which is magnified cross-sectional 
view of said main body 3 shown in Fig. 1 . 

A three-divided housing 30 comprising a left- 
hand portion 20a, an intermediate portion 30b and a 
right-hand portion 30c, all in tubular form, is mounted 
around the rack shaft 7, by means of the brackets 14, 
1 5 (cf. Fig. 1) fixed to the unrepresented vehicle body. 
The motor unit 8 is formed in the right-hand portion 
30c. More specifically, a tubular permanent magnet 
29 is fixed on the internal periphery of the right-hand 
portion 20c, and, at the inside thereof, a similarly sub- 
stantially cylindrical armature 32 is mounted around 
an oblong cylindrical sleeve 1 7, which is supported ro- 
tatabiy, relative to the housing 30, by means of bear- 
ing 31 (only one is illustrated). 

At the left-hand end of the armature 32, there is 
mounted a contractor 33, and therearound provided 
is an annular brush 35 supported by a brush holder 
34 mounted on the housing 30. Electric power is sup- 
plied from the control circuit 11 to said brush 35 when 
required, thereby rotating the armature 32 and the 
sleeve 17 with a torque corresponding to said electric 
power. 

The clutch unit 9 is formed in the intermediate 
portion 30b. A male spline 7a is formed on the left- 
hand end of the sleeve 17, while a female spline 37a 
is formed on the internal periphery of a substantially 
annular friction plate holder 37 with a central aper- 
ture, and said friction plate holder 37 is rendered in- 
capable of relative rotation to the sleeve 1 7 by the mu- 
tual engagement of said splines. To the right of the 
friction plate holder 37, a solenoid 39, supported by 
the housing 30 by means of a solenoid holder 38, is 
so provided as to directly oppose to the friction plate 
holder 38. Electric power is supplied from the control 
circuit 11 shown in Fig. 1 to the solenoid 39 when re- 
quired, thereby generating magnetic force therefrom. 

On the left-end face of the friction plate holder 37, 
positioned next to the solenoid 39, there is adhered a 
friction plate 37b, which is positioned facing a disk- 
shaped clutch plate 41 composed of a magnetic ma- 
terial. Upon generation of magnetic force by the sol- 
enoid 39, the clutch plate 40 is biased toward the sol- 
enoid 39, whereby the friction plate 37b is pressed be- 
tween the clutch plate 40 and the friction plate holder 
37, thus generating a f rictional force required for the 



transmission of the rotary force. In this manner the 
clutch 9 engages or disengages respectively by an 
engagement signal or a disengagement signal from 
the control circuit 11 . The clutch plate 40 is supported 

5 by plural connecting screws 41 and is rendered ad- 
justable, in the axial position, to an annular transmis- 
sion member 43, by means of said connecting screws 
41. Said annular transmission member 43 is support- 
ed by a bearing 42, rotatably with respect to the clutch 

10 sleeve 17 and is fitted to the right-hand end of a ball 
screw nut 44. 

The substantially cylindrical ball screw nut 44 is 
supported by bearings 45, 46, rotatably with respect 
to the housing 30. Said ball screw nut 44 is provided 

15 therein with an internal screw groove 44a, opposed to 
an external screw groove 7b formed in the left-hand 
portion of the rack shaft 7 to constitute a rolling path, 
in which plural balls 47 are contained. Said balls 47 
are provided for the purpose of reducing the f rictional 

20 force generated at the sliding rotation of the ball screw 
nut 44 and the rack shaft 7. The ball screw nut 44 is 
provided therein with a circulating path (not shown), 
along which the balls 47 can be circulated at the op- 
eration. The internal and external screw paths 44a, 

25 7b constitute screw means, and the ball screw nut 44 
constitute rotary nut means. 

The balls 44 are comprised of balls of a standard 
diameter and balls of smaller diameter. The diameter 
Db of said small-diameter balls in the present em bod i- 

30 ment is defined by Da - 4Da/1000, wherein Da is the 
diameter of the standard-diameter balls. The stan- 
dard-diameter balls and the small-diameter balls are 
provided alternately and in succession in the rolling 
path. 

35 At the left-hand end of the housing 30 there is 

screwed on a cover member 48 for supporting the ball 
screw nut 44 together with the housing 30, thereby 
preventing the axial movement of said ball screw nut 
44. A locking nut 49 is mounted for avoiding the rota- 

40 tion of said cover member 48. The cover member 48 
is further provided with a boot member 50, for protect- 
ing the rack shaft 7 from dusts. 

In the following there will be explained the func- 
tion of the present embodiment 

45 When the vehicle is moving straight and the ro- 

tary force is not entered from the steering wheel 1 to 
the pinion shaft 5, no substantial torque signal is re- 
leased from the torque detector 4. Consequently the 
control circuit 1 1 does not supply the motor unit 8 with 

50 the rotation drive signal, and the electrically-operated 
power steering apparatus does not provide the auxil- 
iary steering force. 

On the other hand, when the vehicle is going to 
proceed along a curbed path, the steering wheel 1 is 

55 operated to transmit a rotary force to the pinion shaft 
5, whereby the torque detector 4 sends a signal, cor- 
responding to the steering torque, to the control cir- 
cuit 11, which in response provides the motor unit 8 
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with a rotary drive signal of a value predetermined 
corresponding to the steering torque. Thus the elec- 
trically-operated power steering apparatus provides 
an auxiliary steering force corresponding to the steer- 
ing force. 

In an abnormal situation such as the abnormality 
in the output of the steering torque, the control circuit 
* 11 provides the clutch unit 9 with a disengagement 
signal to effect a disengaging operation, thereby dis- 
connecting the ball screw nut 44 from the motor unit 
8. 

In the operative state of the electrically-operated 
power steering apparatus, the rotation of the sleeve 
1 7 shown in Fig. 2 causes rotation of the ball screw 
nut 44 through the clutch plate 40. The rotation of the 
ball screw nut 44, which is rendered rotatable relative 
to the housing 30 but incapable of movement in the 
axial direction, presses the external screw groove 7b 

) of the rack shaft 7 in the axial direction across the 
balls 47, thereby moving the rack shaft 7 in the axial 
direction and achieving steering operation by means 
of unrepresented tie rods linked to the rack shaft 7. At 
the rotation of the ball screw nut 44, the balls 47 roll 
along the rolling path constituted by the screw 
grooves 7b, 44a while being pressed by said screw 
grooves, and the ball 47 reaching an end of the inter- 
nal screw groove 44a is circulated to the other end 
through the circulation path (not shown) formed in the 
ball screw nut 44. 

As the bails 47 are comprised of the standard-di- 
ameter balls and the small-diameter balls alternately 
arranged in succession in the rolling path as ex- 
plained above, the gap of the screw grooves defined 
by the standard-diameter balls is somewhat loose for 
the small-diameter balls. Consequently the frictional 
force which the small-diameter ball receives from the 
screw grooves (groove-ball frictional force) becomes 

) smaller than that which the standard-diameter ball re- 
ceives from the screw grooves, so that both balls re- 
ceive different rolling forces. Consequently, when the 
standard-diameter ball and the small-diameter ball 
come In mutual contact in the low load state, the 
small-diameter ball continues the sliding or rolling mo- 
tion while the standard-diameter ball continues the 
rolling motion, whereby the sticking phenomenon can 
be prevented. 

However, if the diameter of the small-diameter 
balls is considerably smaller than that of the standard- 
diameter balls, the force between the screw grooves 
is solely received by the standard-diameter balls, so 
that the transmission capacity is decreased. On the 
other hand, the above-mentioned effect can scarcely 
be expected if the diameter of the small-diameter 
balls is substantially equal to that of the standard-di- 
ameter balls. For achieving the above-explained ef- 
fect and also causing the small-diameter ball to sup- 
port about 60% of the load received by the standard- 
diameter ball even in the high load state, it has been 



found that the diameter Db of the small-diameter balls 
should be within the following range: 

Da - 4Da/1000 ^ Db ^ Da - Da/1000 
wherein Da is the diameter of the standard-diameter 
5 balls. 

The tolerance in size of the balls 47 employed in 
such ball screw mechanism is usually smaller than 
Da/1000, so that the effect of the present invention 
cannot be expected even if balls of a size at the lower 
10 limit of such tolerance are mixed in the balls of such 
mechanism. 

The first invention is not to be construed as lim- 
ited to the foregoing embodiment, but is subject to 
suitable variations or modifications. For example the 

15 standard-diameter balls and the small-diameter balls 
need not necessarily be arranged alternately, but can 
also be arranged in such a manner that two or more 
small-diameter balls are arranged in succession be- 
tween two standard-diameter balls. Also there may 

20 be employed the small-diameter balls of two or more 
different diameters, as long as they all meet the afore- 
mentioned condition for diameter. 

In the following there will be explained an em- 
bodiment of the second invention. Here, in addition to 

25 the feature of first embodiment, the pitch circle diam- 
eter of the ball screws of the ball screw shaft is im- 
proved. 

Fig. 3 illustrates an electrically-operated power 
steering apparatus provided with ball screw means of 

30 the present invention, wherein a steering wheel 110 
is fixed on a steering shaft 112, which is linked, by a 
universal joint 115, to a pinion shaft 116. Said pinion 
shaft 116 is provided, at the front end thereof, with a 
pinion gear (not shown), meshing with a rack (not* 

35 shown) formed on a rod-shaped power transmission 
member 130 (cf. Fig. 2) provided mbvably in a main 
body 127 of the steering apparatus. Said rack-pinion 
gear means 115, being already known, will not be ex- 
plained in detail. 

40 In the main body 127, composed of a housing 

121, 123, 125, there are provided an electric motor 
175, ball screw means 150 and a clutch 185 for aux- 
iliary power supply, and the rotary force of the electric 
motor 175 is transmitted through the ball screw 

45 means 1 50 to the power transmission member 130 as 
will be explained later. 

On the steering shaft 112, there is provided a tor- 
que detector 120 for detecting the torque applied to 
the steering wheel 110, and the output of said torque 

50 detector 120 is supplied to a control circuit 122. To 
said control circuit 122 there are also connected a ve- 
hicle velocity detector 124 etc. The control circuit 122 
is also connected to and controls the electric motor 
175 and a clutch 185, based on the information on the 

55 torque applied to the steering shaft 112 and/or the ve- 
hicle velocity. On both ends of the power transmis- 
sion member 130 there are provided ball joints (not 
: shown), which are linked to steering running wheels 
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in already known manner for example through knuck- 
le arms. 

In the following there will be explained the details 
of the ball screw means and the associated mecha- 
nisms, with reference to Figs. 4A and 4B. 

On the power transmission member 130, in a por- 
tion thereof separated from the rack, there is formed 
a spiral ball screw groove 132 to constitute a ball 
screw shaft 135, around which a ball nut 140 is fitted. 
The pitch circle diameter (PCD) of the ball screw shaft 
1 35 (cf . Fig. 5) is not made constant over the entire 
operation range of the ball screw means 150 (mov- 
able range of the ball nut 140). As shown in Fig. 4A, 
within the operating range A of the ball screw means 
150, the set value Dx of the PCD is selected larger in 
a central region B, corresponding to the almost 
straight proceeding of the vehicle (corresponding to a 
range of rotation of the steering wheel of ±90° to the 
right and to the left), then the PCD of smaller diameter 
portions E by 6 (^ 0.005 mm), and gradually varying 
portions C are formed between the central portion B 
and the smaller diameter portions E. The ordinary 
size of the PCD, appearing in the smaller diameter 
portions E, is about 23 mm to 30 mm. The central re- 
gion B is about 1/3 to 1/6 of the operating range A. 

The ball nut 140 is provided, on the internal per- 
iphery thereof, with a screw groove, and is supported 
by a bearing 142, rotatably with respect to the housing 
123. The ball nut 140 is provided with two circulating 
paths 144 for the balls, and the ball screw means 150 
is constituted by the bail screw shaft 135, the ball nut 
140, the balls 146 etc. In the ball grooves, the balls 
146 of standard-size and that of small-size are dis- 
posed alternately, same as the first embodiment 

At the assembly of the ball nut 140 on the ball 
screw shaft 135, the setting of the pressure or the 
small gap is conducted with reference to the PCD of 
the central region B. 

Astator 170 is provided on the internal periphery 
of the housing 121. Outside the power transmission 
shaft 130, a cylindrical rotary shaft 172 is rotatably 
supported by a bearing 173, and a rotor 174 is fixed 
on said rotary shaft 172, radially facing said stator 
170. Thus an electric motor 175 is composed of said 
stator 170 and rotor 174. The stator 170 is provided 
with a coil (not shown), receiving electric power from 
the control circuit 122 shown in Fig. 3. 

An end of the rotary shaft 172 extends in the 
housing 123 and bears a U-sectioned tubular mem- 
ber 178, and a friction disk 182 is fixed integrally to 
an end of said tubular member. Also at an end of the 
housing 123 provided is a U-sectioned support ring 
184, in which an annular coil 186 is provided and con- 
nected to the control circuit 122 shown in Fig. 3. 

A rotation-receiving friction disk 192 is fixed to a 
flange member 188 mounted on the ball nut 140. The 
clutch 185 is composed of the friction disks 182, 192 
and the coil 186. The friction disk 192 is positioned 



opposite to the friction disk 182 but is normally not in 
engagement therewith. However, when the coil 1 86 is 
energized, the friction-receiving disk 192 is attracted 
toward said coil 186, thus moving to the right in Fig. 
5 2 and comes into f rictional engagement with the fric- 
tion disk 182, whereby the rotary driving force of the 
electric motor 174 can be transmitted to the ball nut 
140. Both ends of the housing 127 are protected by 
boot members 192. 

10 In the following there will be explained the func- 

tion of the present embodiment. 

In the disconnected state of the clutch 185, the ro- 
tary shaft 172 of the electric motor 175 is separated 
from the ball nut 140. If the steering wheel 110 is ma- 
ys nipulated in this state, the rotation thereof is convert- 
ed by the rack-pinion gear means 115 into an axial 
movement of the power transmission member 130, 
thereby determining the direction of the steering run- 
ning wheels through ball joints and knuckle arms 

20 (now shown). 

On the other hand, in the connected state of the 
clutch 185, the rotary shaft 172 is coupled with the 
ball nut 140. When the steering wheel 110 is operated 
in this state, the torque corresponding to the external 

25 load received by the power transmission member 1 30 
is detected by the torque detector 120, and the veloc- 
ity of the vehicle is detected by a vehicle velocity de- 
tector 124, and both detected values are supplied to 
the control circuit 122. Thus the output of the electric 

30 motor 175 is controlled according to predetermined 
characteristics and based on these signals, and is 
transmitted through the ball screw means 150 to the 
power transmission member 1 30 for causing the axial 
movement thereof, thereby assisting the manual 

35 steering force applied by the steering wheel 110. 

The pitch circle diameter (PCD) of the screw 
groove 132 of the ball screw shaft 135 is made larger 
in the vicinity of the neutral position of the steering 
wheel 110, where the steering operation is most fre- 

40 quently conducted, thereby reducing the size of the 
space between the screw groove 132 and the ball 
screw groove of the ball nut 140 smaller than the or- 
dinary size. Consequently, even after repeated reci- 
procating motions of the ball screw shaft 135 within 

45 the ball nut 1 40 by the operation of the steering wheel 
110, the space between the ball screw grooves does 
not expand beyond the ordinary size, so that the 
smooth movement conversion can be achieved over 
an extended period. 

50 In the second embodiment, the difference 8 in di- 

ameter between the central region B and the smaller 
diameter region E of the ball screw shaft 135 can be 
arbitrarily selected for example in consideration of the 
diameter in the smaller diameter region E and the 
55 length of the central region B. 
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Claims 



range of 23 to 30 mm. 



An electrically- ope rated power-steering appara- 
tus comprising: 

a steering shaft directly connected to and 
integrally rotatable with a steering wheel; 

a rack shaft capable of a linear movement 
for deflecting steerable vehicle wheels; 

rack-pinion gear means including a pinion 
gear linked drivably with said steering shaft and 
said rack shaft to be rotated by the rotation of said 
steering shaft, and a rack gear provided on said 
rack shaft to be meshed with said pinion gear 

ball screw means including screw means 
provided on said rack shaft, rotary nut means sur- 
rounding at least a part of said screw means, and 
plural balls provided in succession in a rolling 
path formed between said rotary nut means and 
said screw means, to transmit power between 
said rotary nut means and said screw means; and 

an electric motor unit connected to said ro- 
tary nut means; 

wherein said plural balls are comprised of 
balls of a standard diameter and balls having a di- 
ameter smaller than said standard diameter and 
positioned regularity among said standard-diam- 
eter bails, the diameter Db of said small-diameter 
balls being defined by: 

Db < Da - Da/1000 
wherein Da is the diameter of said standard-di- 
ameter balls. 
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7. An apparatus according to claim 6, wherein the 
length of said central region is 1/3 to 1/6 of the en- 
tire length. 

8. A recirculating ball screw and nut device wherein 
the balls thereof comprise a plurality of balls of a 
first diameter and further balls of smaller diame- 
ter positioned amongst said first balls. 

9. An electrically-operated power steering system 
of the rack and pinion type having a recirculating 
ball screw and nut device as claimed in claim 8, 
the screw of said device being reciprocatably 
moveable with the rack of the system and the nut 
of the device being rotatable by an electric motor. 

10. An electrically operated power steering system of 
the rack and pinion type having a recirculating 
ball screw and nut device, the screw of which is 
reciprocatably moveable with the rack of the sys- 
tem and the nut of which is rotatable by an electric 
motor, wherein the pitch circle diameter of the 
groove of the screw is larger than a predeter- 
mined size in a central region of the screw corre- 
sponding to a neutral steering position and is re- 
duced to said predetermined size in each axial di- 
rection away from said central region. 



An apparatus according to claim 1 , wherein the 
diameter Da of the standard-diameter balls and 
the diameter Db of the small-diameter balls fur- 
ther satisfy a condition: 

Da - 4Da/1000si Db 



35 



An apparatus according to claim 2, wherein the 
standard-diameter balls and the small-diameter 40 
balls are positioned alternately. 

An apparatus according to claim 1, wherein the 
pitch circle diameter of the screw groove portion 
of said bail screw shaft is made largerthan a stan- 45 
dard size in the central region corresponding to 
the neutral position of the steering wheel, and is 
gradually reduced to said standard size as the 
distance increases from said central region in 
both axial directions. so 



An apparatus according to claim 4, wherein the 
difference in the pitch circle diameter between 
the central regions and in the end regions is at 
least equal to 0.01. 
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6. An apparatus according to claim 5, wherein the 
pitch circle diameter at said end regions is in a 
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